The reaction product was linearized by digestion with XmnI restriction endonuclease
151
(Promega Co., Madison, USA). The restricted product was purified and quantified.
153
The following formula was used to calculate the number of construct gene copies (GC):
154
[concentration of the pGEM-T-Easy::insert (ng/μl) / molecular weight (ng/mol)] × 155 6.022×10 23 molecules/mol = nº molecules pGEM-T-Easy::insert/μl. The number of
156
GC/μl of the stock prepared for each gene was calculated. Serial decimal dilutions of 157 this stock were made in double-distilled water to prepare the standard curve for qPCR.
158
The standard dilutions were then aliquoted and stored at -80ºC until use. Three
159
replicates of each dilution were added to each qPCR reaction.
161
A Customer TaqMan (Applied Biosystems, Spain) set of primers and probe was 
172
Control of non-phage DNA
173
Controls were performed to rule out the presence of bacterial or non-encapsidated
174
DNA. After DNase treatment, but before desencapsidation, the samples were used as
175
templates for conventional PCR of eubacterial 16SrDNA (Table 3) (Table 3) . Negative results confirmed that all non-viral DNA was eliminated from the 177 sample and that only genes in phage DNA would be detected.
179
To screen for PCR inhibition, dilutions of the standard were spiked in the samples
180
containing phage DNA and the experimental difference was compared to the true 181 copies of the target genes in the standards. Inhibition of the PCR by environmental
182
DNA was not detected. 
192
Bedford, MA) and treated with DNase (100 units/ml; Sigma-Aldrich, Spain).
194
Isolation of phage DNA
195
Extraction of phage DNA from phage lysates
196
Phage lysates were concentrated 100-fold by means of protein concentrators (100 kDa
197
Amicon Ultra centrifugal filter units, Millipore, Bedford, MA) to a final volume of 2.0 ml.
198
Phage DNA was then isolated from the concentrated phage lysates by 199 phenol/chloroform extraction as described previously (32). DNA quantification was
200
performed using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
201
Thermoscientifics, Wilmington, USA 
249
with the cdtB-specific probe. Hybridization was performed at 64ºC, according to the 250 standard procedure (32) using a DIG-labeled cdtB probe prepared as described above.
251
Stringent hybridization was achieved with the DIG-DNA Labeling and Detection Kit
252
(Roche Diagnostics, Barcelona, Spain) according to the manufacturer's instructions.
254

Construction of lysogens
255
Lysogenic phages present in the cdt-positive environmental strains were induced as 256 described above. The phage lysates were used to lysogenize the host strains 257 described above (DH5α, C600 and S. sonnei strain 866). 
309
To determine the production of Cdt by the lysogens, a cell culture assay was used. Cdt 
344
The prevalence of cdt in non-Shiga toxin producing E. coli isolates was also assessed.
345
For 
357
RESULTS
358
Screening for Cdt phages in the environmental E. coli STEC collection
359
The presence of cdt and different cdtB variants in a stx 2 -positive E. coli collection of 360 140 strains isolated from different non-clinical water samples containing human and 361 cattle fecal pollution was screened using a multiplex PCR ( Table 1 ). The prevalence of 362 cdt in the collection was 12.1% (Table 2 ). The presence of cdt was confirmed by colony 363 blot hybridization with the DIG-labeled cdtB probe (Fig. 1A) . Specific primers for
364
variants Cdt-I to Cdt-V (Table 1) were used to characterize the cdt variant in each 365 strain and the results (Table 2) showed a higher prevalence (89.5%) of cdt-V among 366 the isolates. The strains were also characterized for the presence of Stx 2 variants, as 367 previously described (13) .
369
To determine whether cdt was located in the genome of an inducible prophage, phages (Table 2 ). In parallel, since the strains were stx 2 -positive, the presence of inducible Stx 2 373 bacteriophages was also evaluated by PCR (Table 2) .
375
Many strains showed a reduction of the optical density after mitomycin C treatment, and we were successful in producing cdt lysogens for two of these, corresponding to 407 phages Φ62 and Φ125, using S. sonnei as the recipient strain, generating lysogens 408 S(Φ62) and S(Φ125) (Fig. 1A) . After several attempts, no lysogens were obtained from E.
409
coli strain C600. Lysogens S(Φ62) and S(Φ125) were again able to produce infectious
410
Cdt phages, which showed positive hybridization signals in S. sonnei after induction ( transferred to a host strain without using any kind of selection.
433
Diferential induction rates of Cdt phages from the two lysogens, S(Φ62) and S(Φ125),
434
was evaluated by real-time qPCR (primers and probes in Table 1 ), designed to detect 
444
with the respective wild-type strains and the induced and non-induced cultures (Fig. 3) .
445
The presence of cdt-V in phage DNA was clearly observed, but induction appeared to be 
457
C induction (Fig. 3) .
459
Cdt-V phages insert into a different site than the CDT-1Φ phage
460
To identify the putative site of insertion of Cdt-V phages, we analyzed a previously 461 described insertion site for phage CDT-1Φ in both the wild type strain and the lysogen.
462
The results indicate that Cdt-V phages were not inserted into the same site, since this 463 chromosomal site, evaluated using primers B1-B2 ( 
477
confirmed that this phage harbored cdt-V (Fig. 4C and Table 3 ). The cdtA, cdtB and
478
cdtC genes showed a similarity of 100% with previous cdt sequences, some of them 
557
Some authors have suggested that some serotypes lacking important virulence factors
558
harbor cdt and that cdt may therefore contribute to the pathogenicity of these strains.
559
Our STEC strains, like those described previously (12), lack many virulence genes, 
580
Cdt phages and generation of lysogens.
582
The Cdt-V phages analyzed here were produced at high rates in the absence of an 
603
If we assume that stx is mobilized by bacteriophages, and given that this study and 
612
to occur at higher rates than single lysogeny (34). A second phage seems to be 613 introduced into a previously lysogenized strain more easily that in a non-lysogenic strain.
614
Moreover, triple lysogeny can be achieved more easily than double lysogeny (Serra- 
638
40). For example, in CDT-1Φ, the cdtI cluster is located adjacent to and upstream of 639 the integrase gene. Other differences in Cdt-V phages from our study is that they do 640 not insert within the S. sonnei or E. coli genome at the same site as described for CDT-
641
1Φ, since the site was not occupied in either strain containing the cdt-V phage.
642
Moreover, the primers used to amplify the attP regions in CDT-1Φ are not useful for
643
Cdt-V phages. Variability among phages harboring the same toxin is not surprising,
644
because the mosaic structure of bacteriophages means that many of them could 645 interchange different fragments of diverse origin.
647
Given that Cdt phages were easily induced from STEC strains present in non-clinical 648 settings, free Cdt phage particles could be found among the healthy human population.
649
Therefore we screened wastewater samples containing human and cattle fecal 
666
However, the prevalence of STEC in the same type of urban sewage, which is of 0.1%
667
(13), must be considered. Differences among these studies and real-time qPCR results
668
can be explained by the fact that the last approach is limited to those E. coli strains 669 able to grow on Chromocult, while real-time qPCR evaluates any kind of bacterial DNA
670
independently of the viability of the strain and its ability to grow in Chromocult.
672
Interesting is the fact that in the 6 E. coli non-STEC environmental isolates Cdt-IV was 673 the predominant variant, instead of Cdt-V, which appear more prevalent among STEC.
674
However, the number of cdt-positive, non-STEC environmental isolates is too low to 675 consider these data to be any more than a mere indication. 
